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A package for an integrated circuit (12) that contains a plurality of small circular dielectric spaces which separate vias from a

conductive plane of the package. The package has a first internal conductive plane, a second internal conductive plane and a plurality of

bond pads (18) located on a top surface of a substrate (14). The substrate (14) has plurality of vias that extend through the first conductive

plane to couple the second conductive .plane to the bond pads. The package has a plurality of concentric dielectric clearance spaces that

separate the vias from the first conductive plane. The small concentric spaces optimize the area of the conductive plane to minimize the

resistance and maximize the capacitance of the package.
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A POWER-GROUND PLANE FOR A C4 FLIP-CHIP SUBSTRATE

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates to a package for an integrated circuit.

2. DESCRIPTION OF RELATED ART

Integrated circuits are typically housed within a package that is soldered to a

printed circuit board. The package typically has a plurality of bond pads that are

connected to corresponding output pads of the integrated circuit. The bond pads are

coupled to external package contacts by internal power/ground planes, signal routing

traces and vias. The vias interconnect the bond pads and contacts to the various

internal routing layers within the substrate of the package.

Figure 1 shows a power/ground plane 2 of the prior art which has a plurality

of vias 4 that provide interconnect to other layers of the package. The plane 2 has a

large central opening 6 of dielectric material which separates the vias 4 from the

conductive buss material. The dielectric space prevents the vias from shorting to the

conductive plane. The plane may contain truces 8 that couple some of the vias 4 to

the power/ground buss.

The internal routing of the package creates switching noise that limits the

speed of the integrated circuit. The switching noise can be particularly critical to a

highly functional integrated circuit such as a microprocessor. It is therefore

desirable to minimize the switching noise created by the substrate.

Switching noise is a function of the effective inductance and capacitance of

the substrate. Noise will decrease with an increase in the substrate capacitance. The

large dielectric opening increases the resistance and decreases the capacitance of the

package. It is desirable to provide a flip chip package which increases the

capacitance and minimizes the noise created by the package.
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SUMMARY OF THE INVENTION

The present invention is a package for an integrated circuit that contains a

plurality of small circular dielectric spaces which separate vias from a conductive

plane of the package. The package has a first internal conductive plane, a second

internal conductive plane and a plurality of bond pads located on a top surface of a

substrate. The substrate has a plurality of vias that extend through the first

conductive plane to couple the second conductive plane to the bond pads. The

package has a plurality of concentric dielectric clearance spaces that separate the

vias from the first conductive plane. The small concentric spaces optimize the area

of the conductive plane to minimize the resistance and maximize the capacitance of

the package.

BRIEF DESCRIPTION OF THE PRAWlNfiS

The objects and advantages of the present invention will become more

readily apparent to those ordinarily skilled in the art after reviewing the following

detailed description and accompanying drawings, wherein:

Figure 1 is a top sectional view showing a conductive plane of a prior an

substrate;

Figure 2 is a side sectional view of a substrate of the present invention;

Figure 3 is a top sectional view of a conductive plane of the substrate.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings more particularly by reference numbers, Figure 2

shows an integrated circuit package 10 of the present invention. The package 10

includes an integrated circuit 12 that is mounted to a substrate 14. The integrated

circuit 12 is preferably a microprocessor. Although an integrated circuit 12 is shown

and described, it is to be understood that the package 10 may contain any electrical

device. The substrate 14 is typically constructed from co-fired ceramic processes

known in the art* although it is to be understood that the substrate 14 may be
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constructed with other known packaging materials and processes. By way of

example, the substrate 14 may be constructed as a printed circuit board.

The integrated circuit 12 has a number of solder bumps 16 that are soldered

to corresponding contact pads 18 located on a top surface 20 of the substrate 14. An

integrated circuit directly mounted to a substrate is commonly referred to as a "flip

chip" or "C4
M
package and is known in the art. The package 10 may also have one

or more capacitors 22 mounted to corresponding contact pads 18 of the substrate 14.

The capacitors 22 typically filter the power provided to the integrated circuit 12.

Although a flip chip package is shown and described, it is to be understood that the

present invention may be utilized in other types of integrated circuit packages.

The substrate 14 has a first power plane 24, a first ground plane 26 and a first

layer of signal routing traces 28 that are coupled to the capacitors 22 and integrated

circuit 12 by a plurality of vias 30. The substrate 14 may also have a second power

plane 32, a second layer of signal routing traces 34 and a second ground plane 36

located between the first ground plane 26 and a bottom surface 38 of the substrate

14. The second power plane 32 and second ground plane 36 are coupled to the first

power plane 24 and the first ground plane 26, respectively, by a plurality of vias 30.

Likewise, the second layer of signal routing traces 34 is coupled to the first layer of

routing traces 28 by vias 30.

As shown in Figure 3, the vias 30 are typically arranged in a two dimensional

array across the power and ground planes 24, 26, 32 and 34. Some of the vias 30 are

connected directly to the conductive planes. The remaining vias 30 are separated

from the conductive busses by dielectric spaces 40. The dielectric spaces 40 prevent

an electrical shorting between the vias 30 and the conductive planes. The spaces 40

are preferably circular and concentric with the vias 30. In the preferred embodiment

the vias 30 are typically 2-8 mils in diameter and the spaces are no more than 2-5

mils in diameter. The dielectric spaces create a "swiss cheese" appearance which

optimizes the area of each conductive plane. Optimizing the conductive plane area

minimizes the resistance and maximizes the capacitance of the package, thereby

providing favorable impedance characteristics.

The second power plane 32, second ground plane 36 and second layer of

signal routing traces 34 are coupled to a plurality of pins 42 that extend from the
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bottom surface 38 of the substrate 14. The pins 42 are typically mated with a

corresponding socket (not shown) that is mounted to an external printed circuit

board (not shown). Alternatively, the pins 42 may be soldered directly to the

external printed circuit board. The pins 42 that are coupled to the power and ground

planes of the substrate are connected to the power and ground busses of the external

printed circuit board to provide power to the integrated circuit 12. The pins 42 that

are coupled to the routing traces of the substrate are connected to digital signal lines

of the external circuit board to provide signals to the integrated circuit. Although

pins 42 are shown and described, it is to be understood that the package may have

other types of external contacts such as solder balls.

The substrate 14 is constructed to minimize the switching noise of the

integrated circuit 12. Switching noise is proportional to the square of the electrical

frequency (Wo) and the inverse of the capacitance (1/C) of the electrical path. To

reduce switching noise it is desirable to increase the capacitance C. The swiss

cheese arrangement of dielectric spaces 40 provides a maximum conductive plane

area which maximizes the capacitance and reduces the noise created by the package.

The first power plane 24 is separated from the first ground plane 26 by a first

dielectric space 46. The first layer of signal routing spaces 28 is separated from the

first ground plane 26 by a second dielectric space 48. The second power plane 32 is

separated from the first layer of signal routing traces 28 by a third dielectric space

50. The second layer of signal routing traces 34 is separated from the second power

plane 32 by a fourth dielectric space 52. The second ground plane 36 is separated

from the second layer of signal routing traces 34 by a fifth dielectric space 54. The

first power plane 24 and second ground plane 36 are separated from the top 20 and

bottom 38 surfaces by si\th 56 and seventh 58 dielectric spaces, respectively.

The first dielectric space 46 has a width that is less than widths of the other

dielectric spaces 48-58. The relatively narrow first dielectric space 46 increases the

capacitance and mutual inductance between the first power 24 and ground 26 planes.

The higher capacitance and mutual inductance decrease the switching noise of the

integrated circuit. In the preferred embodiment, the width of the first dielectric

space 46 is 0.002 inches and the widths of the second, third, fourth, fifth, sixth and

seventh dielectric spaces are each 0.008 inches.
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While certain exemplary embodiments have been described and shown in the

accompanying drawings, it is to be understood that such embodiments are merely

illustrative of and not restrictive on the broad invention, and that this invention not

be limited to the specific constructions and arrangements shown and described, since

various other modifications may occur to those ordinarily skilled in the art.
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What is claimed is:

1. An electronic package, comprising;

a substrate that has a first conductive plane, a second conductive plane and a

plurality of bond pads located on a top surface of said substrate, said substrate

having a plurality of vias that extend through said first conductive plane and couple

said second conductive plane with said bond pads, said substrate further having a

plurality of circular clearance spaces thai separate said vias from said first

conductive plane.

2. The package as recited in claim 1 , wherein said substrate has a plurality of

vias that extend through said second conductive plane to connect said first

conductive plane to a third conductive plane wherein said vias are separated from

said second conductive plane by a plurality of circular clearance spaces.

3. The package as recited in claim 2, wherein said substrate has a plurality of

vias that connect said first conductive plane to said bond pads,

4. The package as recited in claim I , wherein said substrate has a layer of

signal routing traces that are coupled to said bond pads by said vias.

5. The package as recited in claim 3, further comprising a capacitor that is

mounted to said top surface of said substrate and coupled to said first and second

conductive planes.

6. The package as recited in claim 3, wherein said first conductive plane is

dedicated to electrical power and said second conductive plane is dedicated to

electrical ground.
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7. The package as recited in claim I, wherein said vias are arranged in a two

dimensional array of rows and columns.

8. An electronic package, comprising:

a substrate that has a first conductive plane, a second conductive plane and a

plurality of bond pads located on a top surface of said substrate, said substrate

having a plurality of vias that extend through said first conductive plane and couple

said second conductive plane with said bond pads, said substrate further having a

plurality of circular clearance spaces that separate said vias from said first

conductive plane; and,

an integrated circuit that is mounted to said top surface of said substrate.

9. The package as recited in claim 8, wherein said substrate has a plurality of

vias that extend through said second conductive plane to connect said first

conductive plane to a third conductive plane wherein said vias are separated from

said second conductive plane by a plurality of circular clearance spaces.

10. The package as recited in claim 9, wherein said substrate has a plurality

of vias that connect said first conductive plane to said bond pads.

11. The package as recited in claim 8, wherein said substrate has a layer of

signal routing traces that are coupled to said bond pads by said vias.

12. The package as recited in claim 10, further comprising a capacitor that is

mounted to said top surface of said substrate and coupled to said first and second

conductive planes.

13. The package as recited in claim 10, wherein said first conductive plane

is dedicated to electrical power and said second conductive plane is dedicated to

electrical ground.



WO 97/50123 PCIYUS97/11060

-8-

14. The package as recited in claim 8, wherein said vias are arranged in a

two dimensional array of rows and columns.
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